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Introduction!  Considerable  information  is  available  on  wave  conditions  both  in- 
side  and  outside  of  San  franoisoo  Bay.  Although  these  data  were  obtained  either 
by  visual  observation  or  by  the  hindoasting  technique,  and  consequently  are 
relatively  crude  compared  with  data  obtained  by  recording  wave  gages,  the  in- 
formation is  the  best  available  and  probably  oorreot  as  to  general  order  of 
magnitude  and  frequency  of  ooourrenoe.  The  locations  at  which  observations  have 
been  made  are  shown  on  Figure  1«  The  type  of  information,  method  of  observation, 
location,  and  the  length  of  time  for  which  data  are  available  are  summarized  belwr. 


Wave  Conditions  in  San  Franoisoo  and  San  Pablo  Baysi  Locations  where  wave  heights, 
wave  direction,  sea  state,  and  frequency  of  ooourrenoe  have  been  observed  are 
summarized  for  the  following  localities  t 

1,  Carquinez  Straits  3*  Aloatraz  Island 

2.  Bast  Brothers  Island  4.  Hunters  Point 

The  observations  at  the  first  three  of  these  localities  were  obtained  visually 
by  Coast  Guard  personnel  and  are  summarized  in  Figures  2-6,  inclusive.  Figure  2 
gives  the  peroent  of  time  that  the  sea  state  (wave  heights)  at  Carquinez  Straits 
existed  as  obtained  from  lj-  years  of  observation.  Figure  3 sheers  a similar  plot 
for  East  Brothers  Island  as  observed  for  the  same  period  of  time.  Figure  4 shows 
the  frequency  with  which  waves  approached  Bast  Brothers  Island  from  various  dir- 
ections. from  the  very  nature  of  the  location  of  this  island  wave  heights  of 
appreciable  magnitude  can  exist  only  from  a northerly  or  a southerly  direction. 

Dae  fetch  is  too  limited  to  permit  the  generation  of  waves  of  an  appreciable 
height  from  any  other  direction.  Plots  of  sea  state  and  frequency  of  wave  dir- 
ections are  shown  in  Figures  6 and  6,  respectively,  for  Aloatraz  Island.  Beoause 
of  location  and  prevailing  winds,  waves  approach  Aloatraz  Island  predominantly 
from  due  west. 

The  only  other  known  data  on  wave  conditions  within  San  Franoisoo  Bay  was  oomplled 
for  Hunters  Point  by  the  hindoasting  technique  from  observed  wind  records.  This 
study  was  made  in  connection  with  a proposed  breakwater  for  Hunters  Point  (l).** 
Figure  7 shows  a "wave  ros4”  oompiled  from  wind  observations  obtained  at  U.  S. 
Weather  Bureau  Stations  over  the  16  year  period  from  1930  to  1946.  The  procedure 
followed  in  this  analysis  is  described  elsewhere  (2).  Beoause  of  the  fetch  and 
wind  conditions,  high  waves  oan  ooour  from  either  the  North  to  North  North  Bast 
or  from  the  South  to  Southeast.  The  prevailing  winds  at  Hunters  Point  are  from 
the  west,  but  no  fetoh  exists  in  whioh  waves  of  appreciable  height  oan  be  gen- 
erated. 


Wave  Conditions  Outside  San  franoisoo  Bayi  As  in  the  oase  of  wave  observations 
within  the  Bay,  wave  daia  have  been  oomplled  both  by  visual  observation  and  by 
the  hindoasting  teohnique.  In  addition  to  the  looation  of  wave  observation 
stations  shewn  in  Figure  1,  wave  roses  have  been  prepared  for  a location  off- 
shore  in  deep  water  (at  37.6°N,  long.  123.0°lf.)  by  hindoasting  from  weather 

*The  data  presented  herein  were  oompiled  on  a University  sponsored  researoh 
projeot.  Beoause  of  the  general  interest  in  this  subjeot  these  data  are  sum- 
marized as  & projeot  report  on  this  oontraot. 

**See  references. 
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maps  for  the  three  year  period,  1936-1938,  inclusive  (3)*  These  data  are  sum- 
marized in  the  form  of  wave  roses  in  Figure  8.  The  diagrams  in  this  figure 
show  the  percent  of  time  that  waves  of  various  heights  ooour  during  three  periods 
throughout  the  year  - the  Rummer  period,  the  winter  period,  and  a "transition" 
period.  These  wave  roses  show  definitely  that  the  prevailing  wave  direotion  on 
this  portion  of  the  coast  is  from  the  northwest* 

Other  offshore  wave  data  have  been  obtained  at  the  San  Franoisoo  Light  Ship* 

These  data  were  obtained  by  visual  observation  every  six  hours  (0430  PST,  1030 
PS  T,  1630  PST,  and  2230  PST)  and  transmitted  to  the  U*S,  Weather  Bureau  in  San 
Rranoisoo  where  the  wave  height,  period,  and  direotion  is  entered  in  code  on 
the  weather  charts  issued  for  eaoh  of  these  6 hour  periods.  The  weather  charts 
for  the  three  year  period  from  Sept.  1,  1949  throu^i  Aug.  31,  1952  have  been 
procured  and  the  wave  data  summarized  into  the  wave  roses  shown  in  Figures  9-20. 
These  figures  show  the  percent  of  time  that  various  wave  heights  and  periods 
ooourred  during  the  various  months  of  the  year  as  averaged  from  the  three  years 
of  reoord.  As  to  be  expeoted  from  an  examination  of  Figure  8,  the  greater  per- 
centage of  the  higiest  waves  at  the  entrance  to  the  Golden  Gate  approaoh  from 
West  and  from  the  Northwest* 

Of  interest  in  giving  information  on  how  the  waves  in  deep  water  might  transform 
in  approaching  the  shore  is  the  refraotion  diagram  presented  in  Figure  24*  This 
diagram  was  prepared  by  the  San  Franoieco  District,  Corps  of  Engineers,  in  connec- 
tion with  an  investigation  of  proposed  small-oraft  harbors*  This  diagram  covers 
the  approaches  to  San  Francisco  Bay  for  an  8 second  period  wave  approaching  the 
coast  line  from  the  Northwest*  A summary  of  other  diagrams  prepared  for  this 
area  is  presented  in  Table  I* 

In  addition  to  the  offshore  wave  data,  visual  observations  have  been  made  at 
Point  Bonita  and  Point  Montara  (See  Figure  1 for  looation)  for  the  lj^  year  period 
from  January  1961  to  July  1962.  A summary  of  the  Point  Bonita  data  is  presented 
in  Figures  21  and  22.  Figure  21  shows  the  state  of  the  sea  by  months,  whereas 
Figure  22  shows  the  state  of  the  sea  for  various  directions*  A plot  similar  to 
Figure  21  is  shown  in  Figure  23  where  the  state  of  the -sea  at  Point  Uontara  is 
presented  for  various  months* 


Table  I - Refraotion  Diagrams  for  the  Central  California  Coast 
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Wave 

Pd. 
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Scale 

Date . 
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8 
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8 

W 
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8 
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« 
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w 

lt210000 

no  date 

m 

12 

SW 
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m 

16 

NW 
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n 

16 
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not  given 
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M 

* 

16 

w , 

1(210000 
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m 

16 

SW 

not  given 

4-18-50 

3. 


Suumaryi  Although  these  various  data,  particularly  the  visual  observations, 
are  only  estimates  and  of  course  subject  to  considerable  error,  it  is  believed 
that  the  information  is  sufficiently  accurate  to  indicate  general  orders  of 
magnitude  - both  as  to  wave  height  and  to  frequency  of  ooourrenoe.  Certainly 
the  data,  orude  as  they  are,  are  nuoh  more  oomplete  than  oan  be  found  for  any 
other  looation  of  similar  importance. 
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